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Executive Summary

Federal reservoirs are an important source of water supply in Kansas for approximatephtwe d s o f Kans
The ability of a reservoir to store water over time is diminished as the capacity is reduced through sedimentation. In sc
cases reserus are filling with sediment faster than anticipated. Whether sediment is filling the reservoir on or ahead c
schedule, it is beneficial to take efforts to reduce sedimentation to extend the life of the reservoir.

The Kansas Water Authority has estdidid aReservoir Sustainability Initiativéhat seeks to integrate all aspects of
reservoir input, operations and outputs into an operational plan for each reservoir to ensure water supply stor
availability long into the future. Reduction of sedimentunis part of this initiative.

The Pomona Reservoir watershed Streambank Erosgsessment, an ArcGIS® Comparison Study, was initiated to
partially implement theReservoir Sustainability InitiativeThis assessment identifies areas of streambank erasion t
provide a better understandingpmirtions ofthe Maris des Cygnes River badior streambank restoration purposes and to
increase understanding of streambank erosion to reduce excessive sedimentation in reservoirs across Kansas.
comparison study wadesigned to guide prioritization of streambank restoration by identifying reatiegs erosion is

most severén the Pomona Reservoir watershed

The Kansas Water Office (KWO) 2011 assessment quantifies annual sedimmént erodinfrom the Pomona Reservoir
watershed streambankser a 17 year periodetween 1991 and 2008\ total of 23 streambank erosion sites, covering
6,043 feet of unstable streambank were identified through the assessment, with 96% of the unstable stieatindanks
watersheddentified as having poor riparian condition. The assessment also identified estimates totaling approximate
2,869 tons of sediment being transported from the streambank erosion sites arFhualiyajority of the 2,869 tons of
sedimentis transported each year from One Hundred and One Mile Creek and certain reaches of Dragoon Cre
contributing approximately 901 and 800 tonsseflimentannually, respectively.Results buyl2-digit Hydrologic Unit

Code (HUC) subbasinsdicate that a njarity of the identified 2,869 tons of eroded sediment is transported annually
from HUC12 (10301010201and HUC12 1030101020y at 1,300 and 901 tons of sediment annually, respectively.
Assuming a bulk density of 40 Ibs/cubic foot sediment in Pomona Wisestreambank sources account for only 3.3 of
the 330 acre feet (1%) of sediment annually deposited in Pomona Reservoir. Based on estimated stabilization cos
$71.50 per linear foot from an assessment conductéitheyWatershed Institutd'{Vl), steambank stabilization for the
entire watershed from the 2011 assessment would cost approximately $432,060.

Several streambank gully erosion problems in areas adjacent strahenbanksvere alsoidentified in the streambank
erosion assessment. The gineank gully assessment concluded 82 identified streamipahkerosion sitesof which

all but six were found tbe headcuttingn adjoiningcultivated fields. From the 82 streambank gullies identified, Dragoon
Creek and One Hundred and Ten Mile Creekenfeund to be contributing the highest numbgstreambank gully sites
Both creeks weréentified as having combined total of 58ullies, six of which were high priority37 were medium
priority andninewere low priority. The other 26 gullies are distributed throughout the waterghibdgaries with 10 high
priority, 14 medium priority and six low priority gullies.
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The KWO completed this assessment forRloenona ReservoiVatershed Restoration and Protection StrategiR ARS)
Stakeholder Leadership Team (SLT). Information contained in this assessment can be us€dhptiad/RAPS SLT
to target streambank stabilization and riparian restoration efforts toward high priority stream re&tb€42s Similar
assessmentsre ongoing in selected watersheds above reservoirs throughout Kansase avdilableon the KWO

website atwww.kwo.org or maybe made available upon request to agencies and interested parties for the benefit
streambak and riparian restoration projects.
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Introduction

Wetland and riparian areas are vital components of proper watershed function that, when wisely managed in context
watershed system, can moderate and reduce sediment input into reseélrlienes.isgrowing evidence that a substantial
source of sediment in streams in many areas of the country is generated from stream channels &ridlddgdlies
(Balch, 2007).

Streambank erosion is a natural process that contributes a large portion of annual sediment yield, but acceleration of
natural process leads to a disproportionate sediment supply, stream channel instability, land loss, habitat loss and ¢
adverse ffects. Many land use activities can affect and lead to accelerated bank erosion (EPA, 20083t Kansas
watersheds, this natural process has been accelerated due to changes in land cover and the modification of stream ch
to accommodate agridukal, urban and other land uses.

A United States Geological Survey (USGS) study in the Perry Reservoir watershed in northeast Kansas showed
stream channels and banks are a significant contributor of reservoir sedimentation in addition to laneregitace
(Juracek, 2007). A naturally stable stream has the ability, over time, to transport the water and sediment of its waters
in such a manner that the stream maintains its dimension, pattern, and profile without either aggrading or degrac
(Rosgen, 1997). Streams that have been significantly impacted by land use changes in their watersheds or
modifications to stream beds and banks go through an evolutionary process to regain a more stable condition.
process generally involves a sequeatecision (downcutting), widening and-stabilizing of the stream. Most streams

in Kansas are in some stage of this process (SCC, 1999).

Streambank erosion is often a symptom of a larger more complex problem requiring solutions that frequently invol
more than just streambank stabilization (EPA, 2008). It is important to analyze watershed conditions and understand
evolutionary tendencies of a stream when considering stream stabilization measures. Efforts to restatalatizere

streams shouldllow the stream to speed up the process of regaining natural stability along the evolutionary sequer
(Rosgen, 1997). A watershédsed approach to developing stream stabilization plans can accommodate th

comprehensive review and implementation.

Other research in Kansas documents the effectiveness of forested riparian areas on bank stabilization and sedir
trapping (Geyer, 2003; Brinson, 1981; Freeman, 1996; Huggins, 1994). Vegetative cover based on rooting characteri:
can mitigate erosion by @tecting banks from fluvial entrainment and collapse by providing internal bank strength.
Riparian vegetative type is an important tool that provides indicators of erosion occurrence from land use practices. °
riparian area is the interface betweendlaand a river or stream. Riparian areas are significant in soil ecology,

environmental management and because of their role in soil conservation, habitat biodiversity and the influence they
on aquatic ecosystems overall health. Forested ripari@s are superior to grassland in holding bank stabilization

during high flows, when most sediment is transported. When riparian vegetation is changed from woody species

annual grasses and/or forbs, subface internal strength is weakened, causinglerat®n of mass wasting processes
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(extensive sedimentation due to sbface instability) (EPA, 2008). The primary threats to wetlands and forested

riparian areas are agricultural production and suburban/urban development.

Reservoir sedimentation ismaajor water quantity concern, particularly in reservoirs where the state owns water supply
storage.Reservoirs are a vital source of water supply, provide recreational opportunities, support diverse aquatic habi
and provide flood protection throughokiansas. Excessive sediment can alter the aesthetic qualities of reservoirs an
affect their water quality and useful life (Christensen, 200@dirBent deposition in reservoirs can be attributed to many
factors, including precipitation, topography, admitingdrainage area of the watershed and differing soil types.
Decreases in reservoir storage capacity from sediment deposition can affect reservoir allocations used for flood con
drinking-water supplies, recreation and wildlife habitat. Land las considerable effect on sediment loading in a
reservoir. Intense agricultural use in the watershed, with limited or ineffective erosion prevention methods, can contrib

large loads of sediment along with constituents (such as phosphorus) to damnsservoirs (Mau, 2001).

Another form of erosion contributing to sedimentation in many watersheds in Kansas is the development of gulli
alongside streams. Streambank gullies develop from the wearing away of the surface soil along drainage channel
surface water runoff. These gullies are associated with the loss of vegetation on the soil and down cuts forming d
widening channels. The potential for surface erosion is associated in part with the amount of bare, compacted

exposed to rainfallrad runoff. Increased risk of erosion and sediment delivery is associated with high soil erodability
little ground cover; steep, long, continuous slopes; high intensity storms; high drainage density of the slope; and cl

proximity to streams.

Gully ercsion can contribute a tremendous amount of sediment at the watershed scale and can occur in both cropland
grassland. The amount of sediment input is based on rainfall/runoff and gully frequency within a given watershed.
each case, the gullies obged are unstable and will continue to be unless best management practices (BMPs) a
implemented. A common BMP for gully erosion is the rock chute. Rock chute designs require bank shaping and
placement of erosion control fabric and sorted rock. kRibwtes are designed to direct flow down through the chute

center. The rock creates flow resistance slowing down water velocities.
Study Area

Pomona Reservoir was constructed on the One Hundred and Ten Mile Creek, 8.3 miles above the confluence with
Marais des Cygnes River north of the town of Pomona in Osage Cfkigtye 1). The watershed drains about 322
square miles and includes portions of Franklin, Lyon, Osage and Wabaunsee Counties, with the majority in Os:
County. TheU.S. Army Corps of Engineersbegan construction of the reservoir in 1959 for flood control, low flow
supplementation, water quality, recreation, domestic water supply and fish and wildlife enhancement. Gates were clc
in July of 1962 and the conservation pool filled June of 1965. The original conservation pool and designed
sedimentation rate @he reservoir were 70,603 adret and 294 acrkeet per year, respectively. Major tributaries in the

watershed include Dragoon Creek, Valley Brook and Soldier Creek.mdberecent bathymetric surygyerformed by
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the Kansas Biological StudKBS) in 2009 reportedthe conservatiostorage capacity at 55,340 afeet and yields a

mean annuadedimentation rate of 330 adeet per year.

Figure 1 Pomona Reservoir Wateesh Study Area
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The watershed above Pomona Reservoir is dominated by gently rolling uplands, with hilly areas along theastteams,

average annual rainfalls at 36 inche&h the majority of the precipitation falling in late spring and early summers Soi
in the watershed along the flood plains are generally associated with the Vebdiggs association with deep, nearly

level, well drained and poorly drained soils that have silty or clayey subsoil. Land use in the watershed is comprisec

42% grassind, 41% cropland and the remaining 16% divided into woodland anddebelopment{Figure 3.

Figure 2 Land Use Land Cover for Pomona Reservoir Watershed
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The Kansas Department of Health and Environmeas developed twdotal Maximum Daily Loads TMDLs) for

Pomona Reservoigutrophicatiorandsiltation Excess nutrient loading from the watershed creates conditions favorable

for algae blooms and aquatic plant growth resulting in low dissolved oxygen rates and an unfavorable habitat for aqu
life. Eutrophication from nitrogen and phosphorous is mostly due to runoff from agricultural lands, animal waste runc
from confined amal feeding operations and septic systems situated near the lake. A majority of the nutrient load h
been found to come from the Dragoon Creek subwatershed, basedk@tdata collected in 1999 and 2000 at Pomona
Reservoir. Agricultural producers the wadershed implement BMPs to prevent nutrient runoff. Some common BMPs

include: the use of conservation tillage and cover crops, maintaining buffer strips along field edges, and proper timing

fertilizer application (Nejadheshemi, 2009).

Pomona Re=rvoir is also impaired by siltation. Silt or sediment accumulation in lakes and wetlands reduces reservc
volume and limits recreational access to the lake. The reservoir is also light limited, with an average transparency (Se
Disc depth) of 44.0 m, an average turbidity of 38.2 formazin turbidity units and the average total suspended soli
concentration is 30.5 mg/L. Reducing erosion is necessary for a reduction in sediment. AgrgMRsalmilar to the

practices for nutrient reduction, sual conservation tillage, grass buffer strips around cropland and reducing activities

within the riparian areas will reduce erosion and improve water quality (Nejadheshemi, 2009).

Data Collection Methodology
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The Pomona Reservoir watershed streambank erassessment was performed using desktop ArcGIS® ArcMap® 10
software and otthe-ground field data verification and collection. The purposthisf assessment s identify locations

of streambank instability and estimate erosion rates to prioritize a@storneeds along streambanlend slow
sedimentation rates in Pomona Reservoirs. ArcMap® 10, an ArcGIS® geospatial processing program, was utilizec
assess color aerial photography from 2008, provided by National Agriculture Imagery Program (NAEYmaade it

with 1991 black and white aeriphotographyprovided by Data Access & Support CenteASC).

Streambank erosion assessments were performed by overlaying 2008 NAIP county aerial imagery obB#@&ST991
county aerial imagery. Using ArcMap® tgol Afaggressive movement 0 DASCand B0O68 s t
NAIP aerial photoswere identified a t a 1:6,000 scal e, as a site of st
represents areas of 1,500 sqg. feet or more of streambank moviesnetiie 1991 aerial photao the2008 aerial photos.

Note that the identified streambank erosion sites are only a portion of all streambank erosion occurrences. Erosion ¢
identified in these assessments are limited to locatioese@dmbank erosicsnd coveran area of streambank movement
roughly equal to or greater than 1,500 sq. feet. Any erosion that covers an area smaller than roughly 1,500 sq. feet in
a high margin of error, making calculations unreliable iamebt included. This erroram be attributed to some distortions
between years when aerial photos are takenyaads later when photos ad@jitally georephereraxd Error can also be
attributed to shading interference from leafing of trees in aerial photos when photos are tpkieg,iswmmer and early

fall months. Leafing can affect the ability to locate streambaniisaccurately calculate area

Identified 4 r eambank erosion sites were denoted by geograp
program using Alap® editor toolgFigure3). The polygon features were created by sketching vertices following the
2008 streambank and closing the sketch by following the 1991 streambank, at a 1:2,500 scale. Data provided, base
geographic polygon sites include: wegthed location, unigue ID, stream name, type of stream and type of riparian

vegetation.

Figure3. 1991 DASC & 2008 NAIP Aerial Photo Comparison; Indentified Streambank Erosion Site on Soldier Creek
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Soldier Creek; Streambank Erosion Site

Estimated Soil Loss: 82 tons/yr
Unstable Streambank Length: 217 ft
2008 NAIP Aerial Photo

Soldier Creek; Streambank Erosion Site

Estimated Soil Loss: 82 tons/yr
Unstable Streambank Length: 217 ft
2008 NAIP Aerial Photo

Soldier Creek; Streambank Erosion Site
Estimated Soil Loss: 82 tons/yr
Unstable Streambank Length: 217 ft

1991 DASC Aerial Photo

Stream Reach: SC Amma Powell, g?}, | Stream Reach: SC Ama Pl:;p‘:l" g':;)

Stream Reach: SC Ama p]:‘:p:;_! &6

The streambank erosion assessment data also includes estimates of the average volume of soil loss, in tons per year
streambank erosion sites. Estimation of average soil loss is performed utilizing the identified erosion site polyg
features and calllating perimeter, area and streambank length into a regression equation. Perimeter and area w
calculated through thigeld calculatorapplication within the ArcGIS® software. Streambank length of identified erosion
sites were computed through thepbgation of a regression equation, formulated by KWO. This equation was
developed by taking data from tlEhanced Riparian Area/Stream Channel Assessment for John Redmond Feasibilit
Study areport prepared by TWI and Gulf South Research Corporé@&CR), and relating the erosion area (in sq. feet)
and perimeter length of that erosion area (in feet) to the unstable stream bank length (ifhi@tultiple regression

formula of that fit (Rsquare = 0.999) is:
Estimated SB Length= ([Area_SqFt]t.00067) + ([Perimtr_ft]*.5089609)
The intercept of the model was forced to zero.

Average volume of soil loss was estimated by first calculating the volume of sediment loss and applying a bulk dens
estimate to that volume for the typical soil type of #roding area. The volume of sediment was found by multiplying
bank height, surface area lost over the 17 year period between the 1991 and 2008 and soil bulk density. This calcul

volume is then divided by the 17 year period to get the average s lofss in mass/year:

Average Soil Loss Rate (Tons/yr¥
[Area_SqFt]*[BankHgtFt]*SoilDensity(Ibs/f)/2000(Ibs/ton)/([INAIP_ComparisonPhotoY efBaseAerialPhotoYear])

Soil Bulk Density used in the average soil loss rate equati@s, calculated by first determining the moist bulk density of
the predominant soil in th&tudy area, usinthe USDA Web Soil Survey websitélThe predominant soil typund at

streambanlerosion locatios in the Pomona Reservoir watershesVerdigrissilt/silty loam with an average moist bulk
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densityat 1.5g/cc This moist bulk density estimate was then converted into pounds per cubic foot and reduced by 15
to get adry bulk density estimate at 80s/ft®. This dry bulk density is then comparedthe dry bulk density on a soil
texture triangleat 10% clay, 38% sand and 52% a#ita second comparative estimateoughly 1.51 g/cc or 94 Ibsft

which is then reduced by 15%. Based on the two methods, 80 Waktused for the typical bulk dgity of the
predominant soil typa the Pomona Reservoir watershadd used in the average soil loss rate equation.

Streambank height measurements, also used in the average soil loss rate equation, were obtained through on the g
field verification n several locations throughout the watersh&igure 4) Of the totalsites identified, sevesites were
selected spreadthroughout the watershed, for field verification and streambank height measureniérgse field
verified streambank heigimteasurements were the basis for extrapolating streambank height measurements for identifi

streambank erosion sites.

Figure4. Assessmeritield Verification Height Measuremewoin Soldier Creek

The streambank gully erosion assessment was performedimitargechniques as the streambank erosion assessment.
Using ArcMap® tools, streambank gully erosiites werendicated by point features in the ArcGIS® software program.
Gully data was compiled and categorized by high, medium or low priority aseamftbrt in rehabilitation prioritization.

The identification of a low priority gully indicates that sheet erosion has been identified and a gully could form ia the ar
that is perpendicular to the stream. A low priority gully does not indicate vishl@@nel cutting or any visible
streambank riparian erosion. A medium priority gully identifies visible channel cutting perpendicular to the streambat
but no visible erosion of the riparian area of the streambank. High priority gullies identify a oyl channel
cutting perpendicular to the stream, including a significant portion of the riparian area eroded from the streambank.
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